Summary. Preantral follicles from pro-oestrous and oestrous hamsters were isolated enzymically (Stages 1\p=n-\5) and by microdissection (Stage 6) 
Introduction
The functions of follicular cells have been studied by incubating large preantral and antral follicles for brief periods (Hubbard & Greenwald, 1982) or by culturing granulosa cells as a monolayer in the presence of various factors (Orly, 1984; Baranao & Hammond, 1985 ; see review by GoreLangton & Armstrong, 1988) . However, disruption of the follicular microenvironment and in-vitro changes in cell shape (Ben-Rafael et al., 1987) may lead to altered responsiveness of granulosa cells to endocrine factors (Hammond & English, 1987) . Cellular maturation in parallel with follicular development from the primary to tertiary stages and its regulation by endocrine and paracrine factors remains mostly unexplored because it is impossible to monitor the growth of a given group of follicles in vivo since (1) folliculogenesis occurs as a continuum and (2) intact preantral follicles have not been cultured on a long-term basis. Using 2-h incubations, we have shown that follicular DNA synthesis in terms of [3H] thymidine incorporation is critically influenced by FSH and LH (Roy & Greenwald, 1988) ; but in-vitro growth in terms of DNA synthesis and cell differentiation cannot be assessed by this system. Therefore, we have developed a long-term serum-free culture system which supports the growth and differentiation of intact hamster preantral follicles and provides a new dimension to studying the factors regulating folliculogenesis. Most of the study involved follicles from pro-oestrous hamsters because serum concentrations of FSH and LH were at their nadir and follicles were ready to respond to gonadotrophins (Roy & Greenwald, 1986a , b, 1988 . For comparison, in the final experiment follicles from oestrous hamsters which had already been primed with endogenous gonadotrophins were used. This was done to determine whether hormonal pre-exposure would accelerate follicle growth in vitro.
Materials and Methods
Collagenase (Type I), DNase (bovine pancreas), crystalline bovine serum albumin (BSA) (Roy & Greenwald, 1985 24, 48, 72, 96, 120, 144 and 168 h after adding 1 uO
[3H]thymidine/ml 24 h before termination. Follicles were fixed in Bouin's fixative and 7 µ thick sections were coated with NTB3 nuclear track emulsion (Kodak) and exposed for 7 days at 4°C, developed in Dektol and stained with Gill's haematoxylin. Labelled nuclei (only densely labelled ones) and the number of atretic follicles (a minimum of 3-5 pyenotic nuclei) were counted at 250 magnification to determine the labelling index (LI) and the percentage of atretic follicles, respectively. Photographs of follicles cultured for up to 96 h are presented with the plane of focus emphasizing silver grains.
To determine whether there is an increase in follicular DNA content during the total period of in-vitro culture, follicles from pro-oestrous hamsters (Stages 1-6) were cultured in triplicate in the absence or presence of 100 ng FSH for 24 to 168 h as described above and the culture was terminated every 24 h. The follicles were sonicated in DNA assay buffer and DNA was estimated by fluorometry (Downs & Wilfinger, 1983; Roy & Greenwald, 1986a Terranova & Greenwald (1978 During the first 24 h of FSH exposure, follicles from pro-oestrous hamsters at all stages showed marked increases in LI compared to controls (Fig. 2a) (Fig. 2b) , it failed to induce antrum formation in Stage-6 follicles.
Follicles from pro-oestrous hamsters at Stages 1-6 cultured for 24-168 h showed distinct label¬ ling profiles (Fig. 3) (Fig. 4) . In the absence of FSH, DNA content of follicles from prooestrous animals either remained at steady low levels or gradually declined, correlating therefore with the previous findings on atresia (Fig. 1) For follicles from oestrous hamsters (Fig. 6) 
Discussion
The results of the present studies provide evidence for an efficient long-term culture system (4-7 days) which supports the growth and differentiation of hamster preantral follicles. The presence of insulin in the culture is vital from the beginning to support follicular viability. However, in our system, insulin alone is insufficient to maintain healthy follicles (control, Fig. 4) , suggesting the requirement for other factors for follicular survival.
In the hamster, FSH causes follicular recruitment in vivo and DNA synthesis in preantral follicles both in vivo (Roy & Greenwald, 1986a, b) and in vitro (Roy & Greenwald, 1988 (Roy & Greenwald, 1986a (Roy & Greenwald, 1986b Roy & Greenwald, 1988 (Davoren et al., 1986 (Roy & Greenwald, 1986a (Moore & Greenwald, 1974; .
Oestradiol does not influence folliculogenesis in vivo either in the hamster (Kim et ai, 1984) or in the monkey (Koering et ai, 1986 ). The present in-vitro studies also demonstrate that oestradiol has no stimulatory effect on follicular DNA synthesis; however, slight stimulation by progesterone was evident.
Significant increases in steroidogenesis by follicles at Stages 5 and 6 after exposure to FSH suggest that the follicles are functionally active even after 120 h culture. Furthermore, the rise in androstenedione and oestradiol production by Stage 6 and oestradiol by Stage 5 after 120 h pro¬ vides further evidence for FSH-induced follicular maturation in vitro; however, LH mainly affected progesterone production. Increases in progesterone, androstenedione and oestradiol accumulation by hamster follicles at Stages 5 and 6 during short-term (2 h) exposure to FSH and LH in vitro has been previously reported . Luteinization of granulosa cells is associated with a shift in steroidogenesis towards progesterone (Channing, 1970) . In the present study, LH causes thecal hyperplasia and differentiation (data not shown) leading to a gradual transformation of follicular cells to luteal-like cells with maximal progesterone production.
Although follicles of oestrous animals showed almost the same trend in DNA synthesis in response to gonadotrophins, the failure of those at Stages 1 and 2 to respond to FSH by 24 h could be due to refractoriness induced by the endogenous gonadotrophin surges. This was evident from the higher LI observed for follicles from oestrous compared to pro-oestrous hamsters and from our previous results (Roy & Greenwald, 1986a) . The faster rate of differentiation of follicles of oestrous animals due to FSH and LH priming is substantiated by the onset of antrum formation in follicles by 72 h.
